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[57] ABSTRACT 
A method of controlling an operating amount of an 
operation control means for controlling the operation of 
an internal combustion engine having an intake passage 

11 ‘10f ‘toe/1010b 10g 

and an intake air quantity control means for adjusting 
the opening area of the intake passage to thereby regu 
late the quantity of intake air of the engine. The operat 
ing amount of the operation control means, such as a 
fuel injection control means, is controlled to required 
values dependent on operating conditions of the engine, 
in synchronism with generation of pulses of a predeter 
mined control signal. When the engine is operating in a 
predetermined low load condition, a desired operating 
amount of the control means is determined on the basis 
of the detected value of the intake passage opening area. 
A correction value is determined on the basis of a differ 
ence between the detected value of the intake passage 
opening area and the actual value of same, to correct 
the desired operating amount, and the operating amount 
is controlled to the corrected desired operating amount. 
Preferably, the correction value is determined in syn 
chronism with generation of pulses of the predeter 
mined control signal, from the desired operating 
amount based on the detected value of the intake pas 
sage opening area, and a second desired operating 
amount determined on the basis of the detected values 
of intake passage pressure downstream of the intake air 
quantity control means and the rotational speed of the 
engine. The correction value may alternatively be de 
termined on the basis of a given voltage supplied from a 
variable voltage-creating means which is humanly ad 
justable. 

11 Claims, 9 Drawing Figures 
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METHOD OF CONTROLLING OPERATING 
AMOUNTS OF OPERATION CONTROL MEANS 
FOR AN INTERNAL COMBUSTION ENGINE 

BACKGROUND OF THE INVENTION 

This invention relates to a method of controlling the 
operating amount of an operation control means for an 
internal combustion engine, and more particularly to a 
method of this kind which is adapted to constantly 
properly correct differences between the actual values 
of opening areas of the throttle valve and control valves 
for controlling the quantity of supplementary air being 
supplied to the engine, and the detected values of the 
opening areas of the same valves, to thereby control 
with accuracy the operating amount of the operation 
control means to a required value while the engine is 
operating in a low load condition such as at idle. 
A method has been proposed, e.g. by Japanese Provi 

sional Patent Publications (Kokai) Nos. 58-88436 and 
53-8434, which determines a basic operating amount of 
operation control means for controlling the operation of 
the engine, such as a basic fuel injection amount to be 
supplied to the engine by a fuel supply quantity control 
system, a basic value of spark ignition timing to be con 
trolled by an ignition timing control system, and a basic 
recirculation amount of exhaust gases to be controlled 
by an exhaust gas recirculation control system, in de 
pendence on absolute pressure in the intake pipe of the 
engine and engine rotational speed, and corrects the 
basic operating amount thus determined in response to 
the temperature of intake air, the temperature of engine 
cooling water, etc., to thereby set a desired operating 
amount for the operation control means with accuracy. 
With this proposed method of determining operating 
amounts of the operation control means in dependence 
on the intake pipe absolute pressure and the engine 
speed (generally called “the speed density method”, and 
hereinafter merely referred to as “the SD method”), 
while the engine is operating in a low load condition, 
i.e. in an idling condition, there occurs a reduction in a 
rate of change in the intake pipe absolute pressure rela 
tive to the lapse of time with respect to a rate of change 
in the engine speed relative to the lapse of time and also 
pulsation occurs in the intake pipe absolute pressure, 
making it difficult to set with accuracy an operating 
amount such as a fuel supply quantity in accordance 
with operating conditions of the engine, resulting in 
hunting of the engine rotation. 
To solve the above problem, a method has been pro 

posed, e.g. by Japanese Patent Publication No. 52-6414, 
which is based upon the recognition that the ratio 
(PBA/PA') of intake pipe pressure PBA downstream of 
the throttle valve to intake pipe pressure PA’ upstream 
of the same valve is below a critical pressure ratio 
(=0.528) at which the intake air forms a sonic ?ow, 
while the engine is operating in a low load condition 
such as at idle, and that the quantity of intake air passing 
the throttle valve is not dependent upon pressure PBA 
in the intake pipe downstream of the throttle valve or 
pressure of the exhaust gases but on the valve opening 
of the throttle valve. Therefore, this proposed method 
detects the valve opening of the throttle valve alone to 
thereby detect the quantity of intake air while the en 
gine is operating in the low load condition, and then sets 
an operating amount such as a fuel injection quantity on 
the basis of the detected value of the intake air quantity. 
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2 
If the manner of detecting the intake air quantity, 

described above, is applied to control of the fuel injec 
tion quantity for instance, it is necessary to determine a 
fuel injection quantity as a function of the engine speed 
as well as the intake air quantity determined as above. 
This is because, although the quantity of intake air pass 
ing the throttle valve per unit time is constant so far as 
the opening area of the throttle valve remains the same, 
the quantity of air sucked into the engine per suction 
stroke varies in dependence on the engine speed. Thus, 
a basic fuel injection period Ti of the fuel injection 
valves is determined by using the following equation, 
for supply of fuel to the engine: 

where K6, KAIC, etc. represent opening area coeffici 
ents which are determined by respective opening areas 
of the throttle valve, control valves which control the 
quantity of supplementary air being supplied to the 
engine, etc. Me represents the interval of time between 
adjacent pulses of a pulse signal having its pulses gener 
ated at predetermined crank angles of the engine, e.g. at 
the top-dead-center (TDC) positions of pistons of the 
engine, a value of which is proportional to the recipro 
cal of the engine speed. 
With this method of determining the basic fuel injec 

tion period by the use of the equation given above 
(hereinafter merely called “the KMe method”), it can 
occur that the opening area coefficients K6, KAIC, etc. 
are not set to accurate values corresponding to the 
actual opening areas, due to differences in value be 
tween the actual opening areas of the throttle valve and 
the control valves and the detected opening areas of the 
same valves, as caused by variations in the performance 
or locating error at installation of the throttle valve 
opening sensor, or by adhesion of carbon etc. contained 
in the blow-by gas and the atmosphere to the throttle 
valves and the control valves. Further, in the event of 
clogging of the air ?lter attached to an end of the intake 
pipe opening into the atmosphere, even if the actual 
opening areas of the throttle valve and the control 
valves are detected with accuracy, the actual intake air 
quantity can be smaller than a value of intake air quan 
tity detected from the actual opening areas, resulting in 
the air/fuel mixture being enriched. To avoid these 
disadvantages, a possible measure may be to add or 
subtract a certain correction value which is a ?xed 
value to or from the basic fuel injection period Ti value 
determined by the aforegiven equation at delivery of 
engines from the factory or at maintenance of same. 
According to this measure, however, since the basic 
fuel injection period Ti is calculated by multiplying the 
sum of the values of the opening area coefficients K6, 
KAIC, etc. by the value of time interval Me between 
adjacent TDC pulses, proportional to the reciprocal of 
the engine speed, accurate correction of the basic fuel 
injection period Ti cannot be achieved by the use of the 
certain correction value at engine rotational speeds 
other than a reference engine speed with reference to 
which the certain correction value has been set. 

SUMMARY OF THE INVENTION 

It is the object of the invention to provide a method 
of controlling the operating amount of an operation 
control means for controlling an internal combustion 
engine, which is adapted to properly correct differences 
in value between the actual opening areas of the throttle 
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valve and the control valves and the detected opening 
areas of the same valves, and thereby control with accu 
racy the operating amount of the operation control 
means to a value appropriate to a low load condition of 
the engine such as at idle, to thereby improve the drive 
ability, emission characteristics and fuel consumption of 
the engine. 
The present invention provides a method of control 

ling an operating amount of an operation control means 
for controlling the operation of an internal combustion 
engine having an intake passage, and an intake air quan 
tity control means for regulating the quantity of intake 
air being supplied to the engine through the intake pas 
sage by adjusting the opening area of the intake passage. 
The operating amount is controlled to required values 
dependent on operating conditions of the engine, in 
synchronism with generation of pulses of a predeter 
mined control signal. The method is characterized by 
comprising the following steps: (I) determining 
whether or not the engine is operating in a predeter 
mined low load condition; (2) detecting a value of the 
opening area of the intake passage, when the engine is 
determined to be operating in the predetermined low 
load condition; (3) determining a desired value of the 
operating amount of the operation control means on the 
basis of the detected value of the opening area of the 
intake passage; (4) determining a correction value on 
the basis of a difference between the detected value of 
the opening area of the intake passage and an actual 
value of same; (5) correcting the desired value of the 
operating amount determined at the step (3) by the 
correction value; and (6) controlling the operating 
amount of the operation control means to the desired 
operating amount thus corrected. 
According to a preferred embodiment of the inven 

tion, a method is provided for controlling the quantity 
.of fuel being supplied to an internal combustion engine 

. having an intake passage, a throttle valve arranged in 
the intake passage, at least one auxiliary air passage 
opening into the intake passage at a location down 
‘stream of the throttle valve and communicating with 
the atmosphere, and at least one control valve arranged 
in the auxiliary air passage for controlling the quantity 
of supplementary air being supplied to the engine 
through the auxiliary air passage and the intake passage, 
fuel is supplied to the engine in amounts dependent on 
operating conditions of the engine, in synchronism with 
generation of pulses of a control signal indicative of 
predetermined crank angles of the engine. The method 
is characterized by comprising the steps of: (I) detect 
ing pressure in the intake passage downstream of the 
throttle valve and pressure in the intake passage up 
stream of the throttle valve; (2) setting a predetermined 
reference pressure value dependent on the detected 
value of the pressure of the intake passage upstream of 
the throttle valve; (3) comparing the detected value of 
the pressure of the intake passage downstream of the 
throttle valve with the predetermined reference pres 
sure value; (4) detecting a value of the opening area of 
the throttle valve and a value of the opening area of the 
at least one control valve when the detected value of 
the pressure of the intake passage downstream of the 
throttle valve assumes a value indicative of smaller load 
on the engine with respect to the predetermined refer 
ence pressure value; (5) determining a value of a ?rst 
coefficient on the basis of the detected value of the 
opening area of the throttle valve; (6) determining a 
value of a second coefficient on the basis of the detected 
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4 
value of the opening area of the at least one control 
valve; (7) detecting the interval of time between genera 
tion of a preceding pulse of the control signal and gener 
ation of a present pulse of same; (8) determining a de 
sired amount of fuel to be supplied to the engine on the 
basis of a sum of the values of the ?rst and second coef 
?cients determined at the steps (5) and (6) and the de 
tected value of the interval of time between generation 
of the preceding pulse of the control signal and genera 
tion of the present pulse of same determined at the step 
(7); (9) determining a correction value on the basis of a 
difference between the detected value of the opening 
area of the throttle valve and an actual value of the 
opening area thereof and a difference between the de 
tected value of the opening area of the at least one 
control valve and an actual value of the opening area 
thereof; (10) correcting the desired amount of fuel de 
termined at the step (8) by the correction value; and (l l) 
supplying the engine with the desired amount of fuel 
thus corrected. 

Preferably, the step (8) comprises determining the 
desired amount of fuel on the basis of a product value 
obtained by multiplying a sum of the values of the first 
and second coef?cients by the detected value of the 
interval of time between generation of the preceding 
pulse of the control signal and generation of the present 
pulse of same. 

Still preferably, the step (9) comprises detecting the 
rotational speed of the engine, determining a second 
desired amount of fuel on the basis of the detected value 
of the rotational speed of the engine and the detected 
value of the pressure of the intake passage downstream 
of the throttle valve obtained at the step (1), determin 
ing a provisional correction value from the ?rst-men 
tioned desired amount of fuel obtained at the step (8) 
and the second desired amount of fuel, in synchronism 
with generation of pulses of the control signal, deter 
mining a mean value of the provisional correction val 
ues thus obtained, and employing said mean value as 
said correction value. 

Preferably, the step (9) alternatively comprises deter 
mining the correction value on the basis of an output 
voltage from a variable voltage-creating means which is 
humanly adjustable. 
Also preferably, the desired amount of fuel deter 

mined at the step (8) is corrected by a product value 
obtained by multiplying the correction value by the 
detected value of the interval of time between genera 
tion of the preceding pulse of the control signal and 
generation of the present pulse of same, obtained at the 
step (7). 
The above and other objects, features and advantages 

of the invention will be more apparent from the ensuing 
detailed description taken in conjunction with the ac 
companying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of the whole arrangement 
of a fuel injection control system as an operation control 
means for internal combustion engines, to which is ap 
plied the method according to the present invention; 
FIG. 2 is a circuit diagram of the interior construc 

tion of an electronic control unit (ECU) appearing in 
FIG. 1; 
FIG. 3 is a ?owchart of a program executed within 

the ECU for calculating a fuel injection period TOUT; 



4,580,541 
5 

FIG. 4 is a graph showing the relationship between a 
reference value PBAC of intake pipe absolute pressure 
and atmospheric pressure PA; 
FIG. 5 is a ?owchart showing a manner of determin 

ing a basic fuel injection period Ti value according to 
the KMe method, which is executed at the step 6 in 
FIG. 3; 
FIG. 6 is a graph showing a table of the relationship 

between a coef?cient K0 dependent on the valve open 
ing area of the throttle valve and the throttle valve 
opening 0TH; 
FIG. 7 is a graph showing a table of the relationship 

between a coef?cient KAIC dependent on the valve 
opening area of a ?rst control valve appearing in FIG. 
1, and the valve opening duty ratio DOUT for the same 
control valve; , 
FIG. 8 is a graph showing a table of the relationship 

between a coef?cient KFI dependent on the passage 
opening area of a fast idling control device appearing in 
FIG. 1, and engine cooling water temperature TW; and 
FIG. 9 is a graph showing a table of the relationship 

between a correction coef?cient KIDL and output 
voltage VIDL of an air/fuel ratio adjusting variable 
voltage source. 

DETAILED DESCRIPTION 

The present invention will now be described in detail 
with reference to the drawings showing embodiments 
thereof. 
FIG. 1 schematically illustrates the whole arrange 

ment of a fuel injection control system for internal com 
bustion engines, which is equipped with a plurality of 
control valves for controlling the quantity of supple 
mentary air being supplied to the engine. In the ?gure, 
reference numeral 1 designates an internal combustion 
engine which may be a four-cylinder type. Connected 
to the engine 1 are an intake pipe 3 with its air intake 
end provided with an air cleaner 2 and an exhaust pipe 
4. Arranged in the intake pipe 3 is a throttle valve 5. A 
?rst air passage 8 and a second air passage 8’ both open 
‘in the intake pipe 3 at a downstream side of the throttle 
valve 5 and communicate with the atmosphere. The 
?rst air passage 8 has an air cleaner 7 provided at an end 
thereof opening in the atmosphere. Arranged across the 
?rst air passage 8 is a ?rst supplementary air quantity 
control valve (hereinafter merely called “the ?rst con 
trol valve”) 6 which is a normally closed type electro 
magnetic valve comprising a solenoid 6a and a valve 
body 6b disposed to open the ?rst air passage 8 when 
the solenoid 6a is energized, the solenoid 60 being elec 
trically connected to an electronic control unit (herein 
after abbreviated as “the ECU”) 9. 
A third air passage 8" branches off from the second 

air passage 8’. The second air passage 8' and the third air 
passage 8" have air cleaners 7’ and 7" provided at their 
respective ends opening in the atmosphere. A second 
supplementary air quantity control valve (hereinafter 
called the second control valve) 6’ is arranged across 
the second air passage 8' at a location between its junc 
tion with the third air passage 8" and its end opening in 
the atmosphere, and a third supplementary air quantity 
control valve (hereinafter called “the third control 
valve”) 6" across the third air passage 8", respectively. 
These second and third control valves 6' and 6" are 
both normally closed type electro-magnetic valves hav 
ing similar structures to the ?rst control valve 6. The 
control valves 6’, 6" each have a solenoid 6'0, 6"a, and 
a valve body 6'b, 6"b disposed to open its associated air 
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6 
passage when its corresponding solenoid 6’a, 6"a is 
energized. Each of the solenoids 6’a, 6"a of the control 
valves 6', 6" has one end grounded and the other end 
connected to a direct current power source 20 by way 
of a switch 18, 19, as well as to the ECU 9. 
A branch passage 817 branches off from the ?rst air 

passage 8 at a location downstream of the ?rst control 
valve 6 and has an air cleaner 11 provided at its end 
opening in the atmosphere. Arranged across the branch 
passage 8b is a fast idling control device 10 which may 
comprise, as illustrated, a valve body 100 disposed to be 
urged toward its valve seat 10b by the force of a spring 
100 to thereby close the branch passage 8b, a sensor 
means 10d responsive to the temperature of engine cool 
ing water to stretch or contract its arm 10d’, and a lever 
10e pivotable in response to the stretch and contraction 
of the arm 10d’ to cause displacement of the valve body 
10a in its closing or opening direction. 

Fuel injection valves 12 and an intake air temperature 
(TA) sensor 24 are arranged in the intake pipe 3 at a 
location between the engine 1 and the open end 80 of 
the ?rst air passage 8 and the open end 8'a of the second 
air passage 8'. An intake pipe absolute pressure (PBA) 
sensor 16 communicates through a pipe 15 with the 
interior of the intake pipe 3 at a location between the 
engine 1 and the open ends 80, 8’a. The fuel injection 
valves 12 are connected to a fuel pump, not shown, and 
also electrically connected to the ECU 9, while the 
absolute pressure (PBA) sensor 16 and the intake air 
temperature (TA) sensor 24 are electrically connected 
to the ECU 9. A throttle valve opening (6TH) sensor 17 
is operatively connected to the throttle valve 5, and an 
engine cooling water temperature (TW) sensor 13 is 
mounted on the main body of the engine 1. The latter 
sensor 13 may comprise a thermistor for instance, and 
may be inserted into the peripheral wall of an engine 
cylinder having its interior ?lled with cooling water, of 
which an output signal indicative of a detected cooling 
water temperature value is supplied to the ECU 9. 
An engine speed sensor (hereinafter called “the Ne 

sensor”) 14 is disposed around a camshaft, not shown, of 
the engine or a crankshaft, not shown, of same and 
adapted to generate a pulse as a top-dead-center (T DC) 
signal at each predetermined crank angle position of the 
crankshaft each time the crankshaft rotates through 180 
degrees, the generated pulse being supplied to the ECU 
9. 

In FIG. 1, reference numeral 21 designates electrical 
devices such as headlamps, a brake lamp, and an electric 
motor for driving a radiator cooling fan, which are 
electrically connected to the ECU 9 by way of switches 
22. Reference numeral 23 designates an atmospheric 
pressure (PA) sensor, of which an output signal indica 
tive of a detected atmospheric pressure value is supplied 
to the ECU 9. 
The fuel injection control system constructed as 

above operates as follows: First, the switch 18, which is 
operatively connected to an air conditioner switch, not 
shown, for turning on and off an air conditioner, 
supplies a signal indicative of an on state of the air con 
ditioner to the ECU 9 when it is closed in response to 
turning-on of the air conditioner. At the same time, the 
closed switch 18 causes energization of the solenoid 6'a 
of the second control valve 6’ to open the valve body 
6'b so that a predetermined quantity of supplementary 
air is supplied to the engine 1, which corresponds to an 
increase in the engine load caused by the operation of 
the air conditioner during idle of the engine. The switch 
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19, which may be mounted on a shift lever, not shown, 
of an automatic transmission provided in the engine 1, is 
closed to supply an on-state signal (hereinafter called 
“the D-range signal”) indicative of engagement of the 
automatic transmission when the shift lever is operated 
to a position of engagement of the automatic transmis 
sion. At the same time, the closed switch 19 causes 
energization of the solenoid 6"a of the third control 
valve 6" to open the valve body 6"b so that a predeter 
mined quantity of supplementary air is supplied to the 
engine 1, which corresponds to an increase in the engine 
load caused by the engagement of the automatic trans 
mission during idle of the engine. 
As stated above, the second control valve and the 

third control valve are provided, respectively, for the 
air conditioner and the automatic transmission which 
are auxiliary mechanical apparatuses directly driven by 
the engine and create relatively large mechanical loads 
applied upon the engine, so as to maintain the engine 
speed during idle at a substantially constant value even 
upon application of one or both of these large loads on 
the engine. 
The fast idling control device 10 is adapted to operate 

when the engine cooling water temperature is lower 
than a predetermined value (e.g. 50° C.) such as at the 
start of the engine in cold weather. More speci?cally, 
the sensor means 10d stretches or contracts its arm 10d’ 
in response to the engine cooling water temperature. 
This sensor means may comprise any suitable sensing 

“means, such as wax ?lled within a casing, which is ther 
mally expandable. When the engine cooling water tem 
perature is lower than the above predetermined value, 
1 the arm 10d’ is in a contracted state, with the lever 10e 
‘biased by the force of the spring 10f in such a direction 
as to displace the valve body 100 in a rightward direc 
tion as viewed in FIG. 1 against the force of the spring 

. 10c whereby the branch passage 8b is opened. Since the 
.open branch passage 8b allows supply of a suf?cient 
amount of supplementary air to the engine through the 
?lter 11 and the passages 8b, 8, the engine speed can be 

' maintained at a higher value than a normal idling speed, 
thereby ensuring stable idling operation of the engine 
without the possibility of engine stall in cold weather. 
As the arm 10d’ of the sensor means 10d is stretched 

with a thermal expansion of the sensing medium caused 
by an increase in the engine cooling water temperature 
while the engine is warmed up, it pushes the lever l?e 
upward as viewed in FIG. 1 to rotate same in the clock 
wise direction. Then, the valve body 100 is moved left 
ward as viewed in FIG. 1, rather by the force of the 
spring 10c. When the engine cooling water temperature 
exceeds the predetermined value, the valve body 10a 
comes into urging contact with the valve seat 10b to 
close the branch passage 8b, thereby interrupting the 
supply of supplementary air through the fast idling 
control device 10. 
On the other hand, the ?rst control valve 6 is used for 

feedback control of the supplementary air quantity 
wherein the same quantity is varied so as to maintain the 
engine speed at a desired idling speed with accuracy. 
Also, it is used for increasing the amount of supplemen 
tary air by a predetermined amount corresponding to 
electrical load on the engine, which is relatively small, 
when one or more of the electrical devices 21 such as 
the headlamps, the brake lamp and the electric motor 
for driving the radiator cooling fan are switched on. To 
be speci?c, the ECU 9 operates on values of various 
signals indicative of operating conditions of the engine 
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8 
supplied from the throttle valve opening (0TH) sensor 
17, the absolute pressure (PBA) sensor 16, the cooling 
water temperature (TW) sensor 13, the engine speed 
(Ne) sensor 14 and the atmospheric pressure (PA) sen 
sor 23, as well as an electrical load signal supplied from 
the electrical devices 21 and in synchronism with gener 
ation of pulses of the TDC signal supplied from the Ne 
sensor 14, to determine whether or not the engine is in 
an operating condition requiring the supply of supple 
mentary air through the ?rst control valve 6, and also 
set a desired idling speed value. When it is determined 
that the engine is in such an operating condition requir 
ing the supply of supplementary air, the ECU 9 calcu 
lates a value of supplementary air quantity to be sup 
plied to the engine, that is, a valve opening duty ratio 
DOUT for the ?rst control valve 6, in response to the 
difference between the actual engine speed value and 
the determined desired idling speed value so as to mini 
mize the same difference, and supplies a driving signal 
corresponding to the calculated duty ratio value, to the 
?rst control valve 6 to operate same. 
The ?rst control valve 6 has its solenoid 6a energized 

for a valve opening period corresponding to the above 
calculated duty ratio DOUT to open the ?rst air pas 
sage 8 so that a required quantity of supplementary air 
corresponding to the valve opening period of the valve 
6 is supplied to the engine 1 through the ?rst air passage 
8 and the intake pipe 3. 
On the other hand, the ECU 9 also operates on values 

of the aforementioned various engine operating parame 
ter signals and in synchronism with generation of pulses 
of the TDC signal to calculate the fuel injection period 
TOUT for the fuel injection valves 12 by the use of the 
following equation: 

TOUT= Ti><Kl+K2 (1) 

where Ti represents a basic fuel injection period, which 
is determined according to the aforementioned SD 
method or the KMe method, depending upon whether 
or not the engine is operating in an operating region 
wherein a predetermined idling condition is ful?lled, as 
hereinafter described in detail. 

In the above equation, Kl and K2 represent correc 
tion coef?cients or correction variables which are cal 
culated on the basis of values of engine operating pa— 
rameter signals supplied from the aforementioned vari 
ous sensors such as the throttle valve opening (0TH) 
sensor 17, the atmospheric pressure (PA) sensor 23, the 
intake air temperature (TA) sensor 24. For instance, the 
correction coef?cient K1 is calculated by the use of the 
following equation: 

K1=KTA XKPA XKTWX KWOT (2) 

where KTA represents an intake air temperature 
dependent correction coef?cient, and KPA an atmo 
spheric pressure-dependent correction coef?cient, re 
spectively. These correction coef?cients KTA and 
KPA are determined by the use of respective predeter 
mined equations selectively applied in response to the 
method to be applied, i.e. the SD method or the KMe 
method, so as to set the coef?cients KTA, KPA at 
values most appropriate to the SD method or the KMe 
method, as hereinafter described in detail. 

In the above equation (2), KTW represents a coef?ci 
ent for increasing the fuel supply quantity, which has its 
value determined in dependence on the engine cooling 



4,580,54l 
9 

water temperature TW sensed by the engine cooling 
water temperature (TW) sensor 13, and KWOT a mix» 
ture-enriching coefficient applicable at wide-open 
throttle operation of the engine and having a constant 
value, respectively. 
The ECU 9 supplies the fuel injection valves 12 with 

driving signals corresponding to the fuel injection per 
iod TOUT calculated as above, to open the same valves. 
FIG. 2 shows a circuit con?guration within the ECU 

9 in FIG. 1. An output signal from the engine speed 
(Ne) sensor 14 is applied to a waveform shaper 901, 
wherein it has its pulse waveform shaped, and supplied 
to a ‘central processing unit (hereinafter called “the 
CPU”) 903, as the TDC signal, as well as to an Me value 
counter 902. The Me value counter 902 counts the inter 
val of time between a preceding pulse of the TDC signal 
and a present pulse of same, inputted thereto from the 
Ne sensor 14, and therefore its counted value Me is 
proportional to the reciprocal of the actual engine speed 
Ne. The Me value counter 902 supplies the counted 
value Me to the CPU 903 via a data bus 910. 
The respective output signals from the throttle valve 

opening (0TH) sensor 17, the intake pipe absolute pres 
sure (PBA) sensor 16, the engine cooling water temper 
ature (TW) sensor 13, the atmospheric pressure (PA) 
sensor 23, and the intake air temperature (TA) sensor 24 
appearing in FIG. 1 have their voltage levels shifted to 
a predetermined voltage level by a level shifter unit 904 
and successively applied to an analog-to-digital con 
verter 906 through a multiplexer 905. The analog-to 
digital converter 906 successively converts into digital 
signals analog output voltages from the aforementioned 
various sensors, and the resulting digital signals ‘are 
supplied to the CPU 903 via the data bus 910. 

On-off state signals supplied from the switch 18 for 
opening the second control valve 6' during operation of 
the air conditioner, the switch 19 for opening the third 
control valve 6" during engagement of the automatic 
transmission, and the switches 22 for the electrical de 
vices 21, all appearing in FIG. 1, are supplied to another 
level shifter unit 912 wherein the signals have their 
voltage levels shifted to a predetermined voltage level, 
and the level shifted signals are processed by a data 
input circuit 913 and applied to the CPU 903 through 
the data bus 910. 

Further connected to the CPU 903 via the data bus 
910 are a read-only memory (hereinafter called “the 
ROM”) 907, a random access memory (hereinafter 
called “the RAM”) 908, a non-volatile memory 914 and 
driving circuits 909 and 911. The RAM 908 temporarily 
stores various calculated values from the CPU 903, 
while the ROM 907 stores a control program executed 
within the CPU 903, etc. The non-volatile memory 914 
comprises a CMOS for instance, and stores values of an 
air/fuel ratio correction coef?cient KIDL applicable to 
calculation of the basic fuel injection period Ti accord 
ing to the KMe method. These stored values are re 
tained in the memory 914 without being erased even if 
the ignition switch, not shown, of the engine is turned 
off. 
The CPU 903 executes the control program stored in 

the ROM 907 to determine operating conditions of the 
engine from the values of the aforementioned various 
engine operating parameter signals and the on-off state 
signals from the switches 18, 19 and 22 to calculate the 
valve opening duty ratio DOUT for the ?rst control 
valve 6 and also calculate the fuel injection period 
TOUT for the fuel injection valves 12 in accordance 
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10 
with the determined operating conditions of the engine 
in a manner hereinafter described in detail, and supplies 
control signals corresponding to the resulting calcu 
lated values to the driving circuits 911 and 909 through 
the data bus 910. The driving circuits 911, 909 supply 
driving signals to the ?rst control valve 6 and the fuel 
injection valves 12, respectively, to open same as long 
as they are supplied with the respective control signals. 
FIG. 3 shows a flowchart of a program for calculat 

ing the valve opening period TOUT of the fuel injec 
tion valves 12, which is executed within the CPU 903 in 
FIG. 2. First, the steps 1 through 3 in FIG. 3 are exe 
cuted to determine whether or not the aforementioned 
predetermined idling condition of the engine is ful?lled. 
At the step 1, a determination is made as to whether or 
not the engine rotational speed Ne is below a predeter 
mined value NIDL (e. g. 1000 rpm). If the determination 
provides a negative result (no), it is regarded that the 
predetermined idling condition is not ful?lled, and the 
program jumps to the step 4, hereinafter referred to. If 
the answer to the question of the step 1 is yes, the pro 
gram proceeds to the step 2 wherein it is determined 
whether or not the intake pipe absolute pressure PBA is 
on the lower engine load side with respect to a predeter 
mined reference value PBAC, that is, whether or not 
the former is lower than the latter. This predetermined 
reference pressure value PBAC is set at such a value as 
to determine whether or not the ratio (PBA/ PA’) of the 
absolute pressure PBA in the intake pipe 3 downstream 
of the throttle valve 5 to the absolute pressure PA’ in 
the intake pipe upstream of the throttle valve 5 is lower 
than a critical pressure ratio (=0.528) at which the ?ow 
velocity of intake air passing the throttle valve 5 is equal 
to the velocity of sound. The reference pressure value 
PBAC is given by the following equation: 

PBAC = PA’ X (critical pressure ratio) (3) 

where n represents the ratio of specific heat of air 
(=14). Since the absolute pressure PA’ in the intake 
pipe 3 upstream of the throttle valve 5 is approximate or 
substantially equal to the atmospheric pressure PA 
sensed by the atmospheric pressure (PA) sensor 23 in 
FIG. 1, the relationship of the above equation (3) can 
stand. The relationship between the reference pressure 
PBAC and the atmospheric pressure PA, given by the 
equation (3), is shown in FIG. 4. 

Referring again to FIG. 3, if the answer to the ques 
tion of the step 2 is negative or no, it is regarded that the 
predetermined idling condition is not ful?lled, and the 
program proceeds to the step 4, whereas if the answer is 
yes, the step 3 is executed. In the step 4, a determination 
is made as to whether or not the valve opening 0TH of 
the throttle valve 5 is smaller than a predetermined 
value OIDLH. This determination is necessary for the 
following reason: In the event that the engine operating 
condition shifts from an idling condition wherein the 
throttle valve 5 is almost closed to an'accelerating con 
dition wherein the throttle valve is suddenly opened 
from the almost closed position, if this transition to the 
accelerating condition is detected solely from changes 
in the engine rotational speed and the intake pipe abso 
lute pressure as in the aforementioned steps 1 and 2, 
there is a delay in the detection due to the response lag 
of the absolute pressure sensor 16. Therefore, a change 
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in the valve opening of the throttle valve 5 is utilized for 
quick detection of such accelerating condition. If the 
engine is thus determined to have entered an accelerat 
ing condition, a required quantity of fuel should be 
calculated according to the SD method for supply to 
the engine. 

If the answer to the question of the step 3 is negative 
or no, it is regarded that the predetermined idling condi 
tion is not satis?ed, and then the steps 4 is executed, 
while if the answer is yes, the step 6 is executed. 
At the step 4 which is executed when the idling con 

dition is not satis?ed, a calculation is carried out of the 
basic fuel injection period value Ti according to the SD 
method. That is,a value of the basic fuel injection per 
iod Ti is read from the ROM 907 in the CPU 9, which 
corresponds to the detected values of the intake pipe 
absolute pressure PBA and the engine speed Ne. The 
basic fuel injection period Ti value thus determined is 
then applied to the aforementioned equation (1) for 
calculating the fuel injection period TOUT (the step 5). 
On the other hand, at the step 6 which is executed 

when the idling condition is ful?lled, the basic fuel 
injection period Ti is calculated according to the KMe 
method, as hereinafter described in detail, and the deter 
mined basic fuel injection period Ti value is then ap 
plied for calculation of the fuel injection period TOUT 
(the step 5). 

In the above steps 1 through 3, the respective prede 
termined parameter values for determining the prede 
termined idling condition of the engine may each be set 
.at different values between entrance of the engine oper 
ation into a region in which the predetermined idling 
:condition is ful?lled and departure therefrom, so that a 
hysteresis characteristic is imparted to changeover from 
the KMe method to the SD method or vice versa, 
thereby achieving stable control of operation of the 
engine. 

' FIG. 5 shows a manner of determining the basic fuel 
, injection period Ti value according to the KMe 
.method, which is executed at the step 6 in FIG. 3. In 
FIG. 5, the step 1 is provided to determine the value of 
a coef?cient K6 dependent on the valve opening area of 
the throttle valve 5. The same coef?cient value K6 is 
determined from a graph or a table in FIG. 6, of the 
relationship between the throttle valve opening 0TH 
and the opening area coef?cient K0. As a practical 
measure for realizing this, for instance, the ROM 907 in 
the ECU 9 stores beforehand predetermined values K01 
through K05 as the value K0 corresponding, respec 
tively, to predetermined throttle valve opening values 
Ocl through 0c5. Two adjacent K0 values substantially 
corresponding to the actual throttle valve opening 0TH 
are read from the ROM 907 and subjected to interpola 
tion to determine a coef?cient value K0 exactly corre 
sponding to the actual throttle valve opening value 
6TH. 

Next, in the step 2 of FIG. 5, the value of a coef?cient 
KAIC is determined, which is dependent upon the 
valve opening area of the ?rst control valve 6. The 
valve opening area of the ?rst control valve 6 and ac 
cordingly the value KAIC can be determined as a func 
tion of the valve opening duty ratio DOUT. FIG. 7 
shows a table of the relationship between the valve 
opening duty ratio DOUT of the ?rst control valve 6 
and the valve opening area coef?cient KAIC thereof. In 
the same manner as the above-described manner of 
determining the valve opening area coef?cient value 
K6 of the throttle valve can be determined the valve 
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opening area coef?cient KAIC value corresponding to 
the valve opening duty ratio of the ?rst control valve 6, 
and accordingly corresponding to the valve opening 
area of same. 

The step 3 in FIG. 5 is provided to determine the 
value of a passage opening area coef?cient KFI depen 
dent on the passage opening area of the fast idling con 
trol device 10 in FIG. 1. The passage opening area and 
accordingly the value KFI of the fast idling control 
device 10 can be determined as a function of the engine 
cooling water temperature TW. FIG. 8 shows a table of 
the relationship between the engine cooling water tem 
perature TW and the passage opening area coef?cient 
KFI. In the same manner as the aforedescribed manner 
of determining the valve opening area coef?cient K0 of 
the throttle valve can be determined the passage open 
ing area coef?cient KFI value of the fast idling control 
device 10. 

In the step 4, the value of a coef?cient KAC is deter 
mined, which is dependent on the valve opening area of 
the second control valve 6'. Since the second control 
valve 6' is disposed to be fully opened or fully closed in 
response to on- and off-states of the switch 18 operable 
in response to operation of the air conditioner switch, a 
predetermined coef?cient KAC value corresponding to 
a value of the valve opening area of the second control 
valve 6’ in fully open position is read from the ROM 907 
when the switch 18 is in an on or closed state. 
The step 5 is executed only in the event that the 

method of the present invention is applied to an internal 
combustion engine equipped with an automatic trans 
mission. When the third control valve 6" is fully opened 
by a signal indicative of the on-state of the switch 19 
representing engagement of the automatic transmission, 
a predetermined value KAT corresponding to a value 
of the valve opening area of the third control valve 6" 
in fully open position is read from the ROM 907. 
The CPU 903 then executes the steps 6 and 7 to calcu 

late values of correction coefficients AKIDL and 
KIDL according to the ?rst embodiment of the inven 
tion. These correction coef?cient values are determined 
by using equations given hereinbelow: 
Assuming that the intake pipe absolute pressure PBA 

is detected with accuracy without being disturbed by 
pulsation thereof, a valve opening period TOUTl of the 
fuel injection valves 12 can be determined by using the 
following equation according to the SD method, if 
corrections dependent on atmospheric pressure and 
intake air temperature alone are taken into consider 
ation: 

TOUTI = TiMAPXKPA 1 ><KTA1 (4) 

where TiMAP represents a basic fuel injection period 
which is read from a Ti map stored in the ROM 907 in 
FIG. 2 as a function of the intake pipe absolute pressure 
PBA sensed by the intake pipe absolute pressure sensor 
16 in FIG. 1 and the engine speed Ne sensed by the Ne 
sensor. KPAl is an atmospheric pressure-dependent 
correction coef?cient applicable to the SD method, 
which is determined by the following equation, as dis 
closed e.g. in Japanese Provisional Patent Publication 
No. 58-85337: 

_ 1/ 5 Kim: 1 gl/QgPA/PBA) K () 
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where PA represents actual atmospheric pressure (abso 
lute pressure), PAO standard atmospheric pressure, e the 
compression ratio, and n the ratio of speci?c heat of air, 
respectively. Calculation of the atmospheric pressure 
dependent correction coef?cient KPAl value by the 
use of the above equation (5) is based upon the recogni 
tion that the quantity of air being sucked into the engine 
per suction cycle of same can be theoretically deter 
mined from the intake pipe absolute pressure FHA and 
the absolute pressure in the exhaust pipe which can be 
regarded as almost equal to the atmospheric pressure 

‘ PA, and the fuel supply quantity may be varied at a rate 
equal to the ratio of the intake air quantity at the actual 
atmospheric pressure PA to the intake air quantity at 
the standard atmospheric pressure PAO. 
When the relationship PA<PAO stands in the equa 

tion (5), the KPAl value of the atmospheric pressure 
dependent coef?cient KPA is larger than 1. So long as 
the intake pipe absolute pressure PBA remains the same, 
the quantity of intake air being sucked into the engine 
becomes larger at a high altitude where the atmospheric 
pressure PA is lower than the standard atmospheric 
pressure PAO, than at a lowland. Therefore, if the en 
gine is supplied with a fuel quantity determined as a 
function of the intake pipe absolute pressure PBA and 
the engine rotational speed Ne in a low atmospheric 
pressure condition such as at high altitudes, it can result 
in a lean air/ fuel mixture. However, such leaning of the 
mixture can be avoided by employing the above fuel 
increasing coef?cient KPAl value. 
On the other hand, the value of the intake air temper 

ature-dependent correction coef?cient KTAl applica 
ble to the SD method is given in the following manner, 
as disclosed in US. Pat. No. 4,465,051: 

where TA represents the temperature ("C.) of intake air 
?owing in the intake pipe, and TAO a calibration vari 
able, which is set eg to 50° C., respectively. CTAMAP 
represents a calibration coef?cient having its value set 
to a constant value (e.g. l.26><10-3) in dependence 
upon the operating characteristics of the engine. In the 
above equation (6), since the value of CTAMAP(TA— 
TAO) is smaller than 1, the coef?cient KTAl can be 
approximately determined by the following equation: 
KTAl=l-CTAMAP(TA—TAO) (7) 

On the other hand, a valve opening period TOUT2 of 
the fuel injection valves 12 applicable to the KMe 
method can be determined by the use of the following 
equation, if corrections dependent on atmospheric pres 
sure and intake air temperature alone are taken into 
account as in the above manner: 

(8) 

where K6, KAIC, etc. represent opening area-depend 
ent coefficients having their values determined at the 
steps 1 through 5 in FIG. 5, and Me the interval of time 
between adjacent pulses of the TDC signal, which is 
supplied from the Me value counter 902 in FIG. 2, 
respectively. KPA2 and KTAZ represent an atmo 
spheric pressure-dependent correction coefficient and 
an intake air temperature-dependent correction coeffici 
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14 
ent, respectively, applicable to the KMe method and 
determined as follows: 
When the ratio (PBA/PA') of intake pipe pressure 

PBA downstream of the throttling portion such as the 
throttle valve to intake pipe pressure PA’ upstream of 
the throttling portion is smaller than the critical pres 
sure ratio (=0.528), intake air passing the throttling 
portion forms a sonic flow. The flow rate Ga(g/sec) of 
intake air can be expressed as follows: 

(9) 

"- n 

n + 1 X R(TAF + 273) 

where A represents the equivalent opening area (mrnz) 
of the throttling portion such as the throttle valve, C a 
correction coefficient having its value determined by 
the con?guration, etc. of the throttling portion, PA 
atmospheric pressure (PAzPA', mmHg), n the ratio of 
speci?c heat of air, R the gas constant of air, TAF the 
temperature (C) of intake air immediately upstream of 
the throttling portion, and g the gravitational accelera 
tion (m/secz), respectively. So long as the intake air 
temperature TAF and the opening area A remain con 
stant, the ratio of the flow rate of intake air Ga (in grav 
ity or weight) under the actual atmospheric pressure 
PA to the flow rate of intake air GaO (in gravity or 
weight) under the standard atmospheric pressure PAO 
can be expressed as follows: ‘ 

Ta/GaO = PA/PAO 

If the quantity of fuel being supplied to the engine is 
varied at a rate equal to the above ratio of How rate of 
intake air, the resulting air/fuel ratio is maintained at a 
constant value. Therefore, the flow rate Gf of fuel can 
be determined from the flow rate GfO of same under the 
standard atmospheric pressure PAO (=760 mmHg), as 
expressed by the following equation: 

Here, the atmospheric pressure-dependent correction 
coef?cient KPA2 value can be theoretically expressed 
as follows: 

In practice, however, various errors resulting from 
con?guration, etc. of the intake passage should be taken 
into account, and therefore the above equation can be 
expressed as follows: 

M 
760 

KPA2 = l + CPA X (10) 

where CPA represents a calibration variable which is 
determined experimentally. 
According to the equation (10), when the relationship 

PA<760 mmHg stands, the correction coef?cient 
KPA2 value is smaller than 1. Since according to the 
KMe method, the quantity of intake air is determined 
solely from the equivalent opening area A of the throt 
tling portion in the intake passage with reference to the 
standard atmospheric pressure PAO, it decreases in pro 
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portion as the atmospheric pressure PA decreases such 
as at a high altitude where the atmospheric pressure PA 
is lower than the standard atmospheric pressure PAO. 
Therefore, if the fuel quantity is set in dependence on 
the above opening area A, the resulting air/fuel mixture 
becomes rich, in a manner reverse to the SD method. 
However, such enriching of the mixture can be avoided 
by employing the above correction coef?cient KPAZ 
value. 

In the aforementioned equation (9), so long as the 
atmospheric pressure PA and the opening area A re 
main constant, the ratio of the ?ow rate GaO of intake 
air assumed when the temperature of air upstream of the 
throttling portion is equal to a reference temperature 
TAFO, to the flow rate Ga of intake air at a given tem 
perature‘TAF can be given by the following equation: 

_GL : TAFO i 273 
G110 TAF + 273 

If the quantity of fuel being supplied to the engine is 
varied at a rate equal to the above ratio of flow rate of 
intake air, the resulting air/fuel ratio is maintained at a 
constant value. Therefore, the flow rate Gf of fuel can 
be determined from the ?ow rate G?) of same at the 

7 reference temperature TAFO, as expressed by the fol 
_ lowing equation: 

_ TAFO+273 

Gf _ G/O TAF + 273 

Here, the intake air temperature-dependent correc 
tion coef?cient KTA2 value can be expressed as fol 

TAFU i 273 
TAF + 273 

KTA2 = 

Therefore, the correction coef?cient KTA2 value 
can be approximated by the following equation: 

TAF — TAR) 
KTA2 c: 1 l — a(TAF— TAFD) 

Thus, the above correction coef?cient KTA2 value is 
determined as a function of the temperature TAF of 
intake air upstream of the throttling portion. It has been 
experimentally ascertained that the functional relation 
ship between the intake air temperature TAF upstream 
of the throttling portion and the intake air temperature 
TA downstream of same is approximated by the follow 
ing equation, when the engine is in an idling condition: 

TAF=aXTA+b (12) 

where a and b represent constants. Taking the relation 
ship of T AFO=a X T A0+b into consideration, the equa 
tion (11) can be expressed as follows, by substituting the 
equation (12) into the equation (11): 

KTA2 = 1 - a X a(TA - TAO) 

= 1 - CTAC(TA - TAO) 

(13) 
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Thus, the intake air temperature-dependent correc 

tion coef?cient KTA2 value can be given by the simpli 
?ed equation (13). 
The valve opening periods TOUTl and TOUT2 of 

the fuel injection valves 12, which have thus been cor 
rected by the respective atmospheric pressure-depend 
ent correction coef?cients and the respective intake air 
temperature-dependent correction coef?cents appropri 
ate to the SD method and the KMe method, respec 
tively, should assume the same value with each other, if 
pulsation is not present in the intake pipe absolute pres 
sure PBA. In practice, however, the valve opening 
periods TOUTl and TOUT2 generally assume different 
values from each other, because the valve opening per 
iod TOUTl determined by the equation (4) according 
to the SD method is affected by pulsation in the intake 
pipe absolute pressure PBA, whereas the valve opening 
period TOUT2 determined by the equation (8) accord 
ing to the KMe method is affected by locating error at 
installation of the throttle valve opening sensor 17, 
clogging of the air cleaners 2, 7, 7', 7", etc. Therefore, 
the correction coef?cient AKIDL, which is set to a 
value dependent on errors due to pulsation in the intake 
pipe absolute pressure PBA, locating error of the throt 
tle valve opening sensor 17, etc., is applied to the equa 
tion (8), thus obtaining a corrected valve opening per 
iod value TOUT2’: 

TOUT2’:(K0+KAIC+KFI+KAC+KA T+ 
AKIDL)><Me><KPA2><KTA2 (14) 

Since the valve opening period TOUTl and TOUT2’ 
values determined from the equations (4) and (14), re 
spectively, are equal to each other, the correction coef 
?cient AKIDL can be expressed as follows: 

_ TiMAP >< KPAI >< KTAl (15) 
AKIDL — Me >< KPAZ >< KTA2 — 

(K0 + KAIC + KFI + KAC + KAT) 

Then, each value of the correction coefficient 
AKIDL, which is determined upon generation of each 
pulse of the TDC signal by the use of the equation (15), 
is substituted into the following equation, to calculate a 
mean value of coef?cient AKIDL values as a correction 
coef?cient KIDL value: 

(16) 
_ XIDL 256 — XIDL , 

KIDL - 256 X AKIDL + —'—"'256 X KIDL 

where KIDL' represents a correction coef?cient KIDL 
value which was determined upon generation of an 
immediately preceding pulse of the TDC signal and is 
read from the non-volatile memory 914 in FIG. 2. 
XIDL is a constant which is set at a value dependent on 
the period of pulsation of the intake pipe absolute pres 
sure PBA, etc. and appropriately selected from among 
values of 1 to 256. 
The manner of determining the mean value of the 

correction coef?cient AKIDL is not limited to the 
above manner using the equation (16), but the mean 
value may alternatively be determined as an arithmetic 
mean value of a predetermined number of coef?cient 
AKIDL values obtained upon generation of the TDC 
signal pulses preceding a present TDC signal pulse. 
The correction coef?cient KIDL value determined 

by the equation (16) represents errors as caused by 10 
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cating error at installation of the throttle valve opening 
sensor 17 and clogging of the air cleaners alone, since 
the error components of the coef?cient KIDL value 
due to pulsation of the intake pipe absolute pressure 
PBA, included in the AKIDL value, have been offset by 
each other through the averaging operation in calculat 
ing the correction coef?cient value KIDL. Further, 
since the correction coefficient value KIDL is calcu 
lated upon generation of each pulse of the TDC signal, 
it assumes an updated value indicative of currently 
present errors due to clogging of the air cleaners, depo 
sition of carbon in the throttle valve, etc. 
The CPU 903 calculates the correction coef?cient 

AKIDL value at the step 6 in FIG. 5 by using the equa 
tion (15), and then executes the step 7 to calculate the 
correction coef?cient KIDL value from the correction 
coef?cient AKIDL value calculated in the present loop 
and the correction coef?cient value KIDL’ read from 
the non-volatile memory 914, by the use of the equation 
(16), and stores the same value KIDL into the non 
volatile memory 914 as an updated value KIDL’, fol 
lowed by execution of the step 8. At the step 8, the basic 
fuel injection period Ti is determined from the opening 
area-dependent coefficients obtained at the aforemen 
tioned steps 1 to 5, the correction coefficient KIDL 
obtained in the step 7 and the Me value supplied from 
the Me value counter 902, by the use of the following 
equation: 

According to the ?rst manner of calculation of the 
KIDL value described above, detection errors of actual 
valve openings of the throttle valve and the control 
valves, etc. can be automatically corrected without 
requiring human adjustment by the operator, and there 
fore it is not necessary to specially provide an input 
circuit including an air/fuel ratio-adjusting variable 
voltage source as hereinafter referred to, an analog-to 
digital converter, etc., resulting in reduction of .the 

- production cost. 

A second manner of calculating the KIDL value will 
now be described. As shown in FIGS. 1 and 2 an air/f 
uel ratio-adjusting variable voltage source 25 as a vari 
able voltage-creating means is connected to the ECU 9 
and has its output voltage humanly adjusted and then 
applied for setting the correction coefficient KIDL 
value. More speci?cally, the air/fuel ratio-adjusting 
variable voltage source 25 connected to the ECU 9 as 
indicated by the broken line in FIGS. 1 and 2, has its 
output voltage varied by human adjustment of the value 
of a variable resistance therein that determines the out 
put voltage. The voltage thus adjusted is applied to the 
ECU 9 as an air/fuel ratio-correcting voltage VKIDL. 
The air/fuel ratio-correcting voltage VKIDL has its 
voltage level shifted by the level shifter unit 904 and 
then supplied to the CPU 903 via the multiplexer 905, 
the analog-to-digital converter 906 data bus 910. The 
CPU 903 reads a value of the correction coef?cient 
KIDL corresponding to the value of the voltage 
VKIDL from a voltage VKIDL-correction coef?cient 
KIDL table stored in the ROM 907. This table is illus 
trated, by way of exmaple, in FIG. 9, wherein as the 
voltage VKIDL value varies between 0.5 and 4.5 volts 
for instance, the correction coef?cient KIDL value is 
varied between —O.l and +0.1. 
The CPU 903 may execute, in lieu of the program of 

FIG. 5 applied to the ?rst manner of calculating the 
KIDL value, a Ti value-determining program which 
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may be identical with the program of FIG. 5 but exclu 
sive of the steps 6 and 7 therein, to calculate the basic 
fuel injection period Ti value by applying the correc 
tion coef?cient KIDL value determined as above to the 
aforementioned equation (17). 
The human adjustment of the variable resistance of 

the air/fuel ratio-adjusting variable voltage source 25 is 
effected at delivery of the engines from the factory or at 
maintenance of same, for example, so as to set the air/f 
uel ratio of a mixture being supplied to the engine to a 
predetermined value. That is, the value of the correc 
tion coefficient KIDL is set so as to compensate for 
errors due to variations in the performance of the throt 
tle valve opening sensor, locating error of the same 
sensor, and differences in value between the actual 
opening areas and the detected opening areas of the 
throttle valve and the control valves, as caused by de 
position of carbon, etc. in the valves. 

Although, in the example of FIG. 9, the output volt 
age VKIDL of the air/fuel ratio-adjusting variable 
voltage source 25 is varied in a continuous manner by 
the use of a variable resistance for instance, it may be 
varied in a stepwise manner by selecting a plurality of 
?xed resistances. 

Further, the method of the present invention is not 
limited to the fuel injection quantity control for the fuel 
injection control system, described above, but it may be 
applied to other operation control means for controlling 
the operation of the engine, such as an ignition timing 
control system and an exhaust gas recirculation control 
system, so far as the operating amounts of these systems 
are determined in dependence on the intake air quantity. 
What is claimed is: 
1. A method of controlling an operating amount of an 

operation control means for controlling the operation of 
an internal combustion engine having an intake passage 
and an intake air quantity control means for regulating 
the quantity of intake air being supplied to said engine 
through said intake passage by adjusting the opening 
area of said intake passage, wherein the operating 
amount of said operating control means is controlled to 
required values dependent on operating conditions of 
said engine, in synchronism with generation of pulses of 
a predetermined control signal, the method comprising 
the steps of: (l) determining whether or not said engine 
is operating in a predetermined low load condition; (2) 
detecting a value of the opening area of said intake 
passage, when said engine is determined to be operating 
in said predetermined low load condition; (3) determin 
ing a desired value of the operating amount of said 
operation control means on the basis of the detected 
value of the opening area of said intake passage; (4) 
determining a correction value on the basis of a differ 
ence between the detected value of the opening area of 
said intake passage and an actual value of same; (5) 
correcting the desired value of the operating amount 
determined at said step (3) by said correction value; and 
(6) controlling the operating amount of said operation 
control means to the desired operating amount thus 
corrected, 

wherein said step (4) comprises detecting pressure in 
said intake passage downstream of said intake air 
quantity control means, detecting the rotational 
speed of said engine, determining a second desired 
value of the operating amount on the basis of the 
detected value of the rotational speed of said en 
gine and the detected value of the pressure in said 
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intake passage, determining said correction value 
on the basis of a difference between the first-men 
tioned desired value of the operating amount ob 
tained at said step (3) and said second desired value 
of the operating amount, in synchronism with gen 
eration of pulses of said predetermined control 
signal. 

2. A method as claimed in claim 1, wherein said cor 
rection value is a mean value of provisional correction 
values determined on the basis of a difference between 
the ?rst-mentioned desired value of the operating 
amount obtained at said step (3) and said second desired 
value of the operating amount, in synchronism with 
generation of pulses of said predetermined control sig 
nal.' 

3. A method as claimed in claim 1, wherein said oper 
ation control means comprises a fuel supply control 
means, said operating amount being a quantity of fuel 
being supplied to said engine by said fuel supply control 
means. 

4. A method of controlling an operating amount of an 
operation control means for controlling the operation of 
an internal combustion engine having an intake passage 
and an intake air quantity control means for regulating 
the quantity of intake air being supplied to said engine 
through said intake passage by adjusting the opening 
area of said intake passage, wherein the operating 
amount of said operation control means is controlled to 
required values dependent on operating conditions of 
said engine, in synchronism with generation of pulses of 
a predetermined control signal, the method comprising 
the steps of: (l) determining whether or not said engine 
is operating in a predetermined low load condition; (2) 
detecting a value of the opening area of said intake 
passage, when said engine is determined to be operating 
in said predetermined low load condition; (3) determin 
ing a desired value of the operating amount of said 
operation control means on the basis of the detected 
value of the opening area of said intake passage; (4) 
determining a correction value on the basis of a differ 
ence between the detected value of the opening area of 
said intake passage and an actual value of same; (5) 
correcting the desired value of the operating amount 
determined at said step (3) by said correction value; and 
(6) controlling the operating amount of said operation 
control means to the desired operating amount thus 
corrected, 

wherein said step (4) comprises determining said cor 
rection value on the basis of an output voltage from 
a variable voltage-creating means which is hu 
manly adjustable. 

5. A method as claimed in claim 4, wherein said oper 
ation control means comprises a fuel supply control 
means, said operating amount being a quantity of fuel 
being supplied to said engine by said fuel supply control 
means. 

6. A method of controlling the quantity of fuel being 
supplied to an internal combustion engine having an 
intake passage, a throttle valve arranged in said intake 
passage, at least one auxiliary air passage opening into 
said intake passage at a location downstream of said 
throttle valve and communicating with the atmosphere, 
and at least one control valve arranged in said auxiliary 
air passage for controlling the quantity of supplemen 
tary air being supplied to said engine through said auxil 
iary air passage and said intake passage, wherein fuel is 
supplied to said engine in amounts dependent on operat 
ing conditions of said engine, in synchronism with gen 

15 

25 

40 

45 

50 

65 

20 
eration of pulses of a control signal indicative of prede 
termined crank angles of said engine, the method com 
prising the steps of: (1) detecting pressure in said intake 
passage downstream of said throttle valve and pressure 
in said intake passage upstream of said throttle valve; (2) 
setting a predetermined reference pressure value depen 
dent on the detected value of the pressure of said intake 
passage upstream of said throttle valve; (3) comparing 
the detected value of the pressure of said intake passage 
downstream of said throttle valve with said predeter 
mined reference pressure value; (4) detecting a value of 
the opening area of said throttle valve and a value of the 
opening area of said at least one control valve when the 
detected value of the pressure of said intake passage 
downstream of said throttle valve assumes a value indic 
ative of smaller load on said engine with respect to said 
predetermined reference pressure value; (5) determin 
ing a value of a ?rst coefficient on basis of the detected 
value of the opening area of said throttle valve; (6) 
determining a value of a second coefficient on the basis 
of the detected value of the opening area of said at least 
one control valve; (7) detecting the interval of time 
between generation of a preceding pulse of said control 
signal and generation of a present pulse of same; (8) 
determining a desired amount of fuel to be supplied to 
said engine on the basis of a sum of the values of said 
?rst and second coefficients 

determined at said steps (5) and (6) and the detected 
value of the interval of time between generation of 
the preceding pulse of said control signal and gen 
eration of the present pulse of same determined at 
said step (7); (9) determining a correction value on 
the basis of a difference between the detected value 
of the opening area of said throttle valve and an 
actual value of the opening area thereof and a dif 
ference between the detected value of the opening 
area of said at least one control valve and an actual 
value of the opening area thereof; (10) correcting 
the desired amount of fuel determined at said step 
(8) by said correction value; and (l 1) supplying said 
engine with the desired amount of fuel thus cor 
rected. 

7, A method as claimed in claim 6, wherein said step 
(8) comprises determining the desired amount of fuel on 
the basis of a product value obtained by multiplying a 
sum of the values of said ?rst and second coefficients by 
the detected value of the interval of time between gen 
eration of the preceding pulse of said control signal and 
generation of the present pulse of same. 

8. A method as claimed in claim 6, wherein said step 
(9) comprises detecting the rotational speed of said 
engine, determining a second desired amount of fuel on 
the basis of the detected value of the rotational speed of 
said engine and the detected value of the pressure of 
said intake passage downstream of said throttle valve 
obtained at said step (1), determining a provisional cor 
rection value from the ?rst-mentioned desired amount 
of fuel obtained at said step (8) and said second desired 
amount of fuel, in synchronism with generation of 
pulses of said control signal, determining a mean value 
of said provisional correction values thus obtained, and 
employing said mean value as said correction value. 

9. A method as claimed in claim 8, wherein the de 
sired amount of fuel determined at said step (8) is cor 
rected by a product value obtained by multiplying said 
correction value by the detected value of the interval of 
time between generation of the preceding pulse of said 
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control signal and generation of the present pulse of 
same, obtained at said step (7). 

10. A method as claimed in claim 6, wherein said step 
(9) comprises determining said correction value on the 
basis of an output voltage from a variable voltage-creat 
ing means which is humanly adjustable. 

11. A method as claimed in claim 10, wherein the 
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desired amount of fuel obtained at said step (8) is cor 
rected by a product value obtained by multiplying said 
correction value by the detected value of the interval of 
time between generation of the preceding pulse of said 
control signal and generation of the present pulse of 
same, obtained at said step (7). 
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